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STEAM, AND THE STEAM-ENGINE. 



Being present one day last autumn at a certain agricul- 
tural dinner, not a hundred miles from Staplehay, in the 
neighbourhood of Taunton, I heard a remark made by a 
worthy and respected clergyman — he quoted, if I remem- 
ber rightly, from a speech of Lord Ebrington; — his 
remark was this : " Farmers, you must put on the steam 
and go a-head." He used the words, of course, in a 
metaphorical sense, meaning by them to tell the farmer 
that these are no days for him to fall asleep and lag behind 
the rest of the world ; the palmy days of Protection are 
over, and he must bestir himself. All other branches of 
industry are going a-head, and he must go a-head too. 

This, I presume, was the sense in which the words were 
quoted. But I will take the liberty of applying them in 
their literal sense, and saying that the farmer must 
secure for himself, as far as possible, the services of 
that most useful and powerful — aye, and manageable of 
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labourers — Steam. We country folks have been rather 
slow, I am afraid, in opening our eyes to its value ; but 
at last our eyes are open, and we have no intention of 
shutting them again. We begin to see now what steam 
can do for us, and how well it does it, and we begin to 
employ it. The hum of the threshing-engine, and its 
dinner-time whistle, are familiar sounds in our ears, and I 
venture to predict that the time is not far distant when 
we shall hear a great deal more of them. I suppose 
there are^few prejudices (we've all prejudices) still to be 
overcome. Steam has done a great deal, and I believe 
that it will in time succeed in overcoming them. 

At any rate, one thing is certain, that the time is now 
at hand when the steam-engine will be no longer a thing 
merely to excite astonishment in the mind of the wondering 
rustic, but when he will have learnt to work with it and to 
manage it, as he does now his horses, and when the mechan- 
ism of his engine will be as familiar to his eyes as his cart 
harness now is. And if this be so, and we are to have so 
much to do with steam, I think it is high time that we should 
know something about it — what it is, and by what means 
it produces the wonderful results we see and admire. 

The subject of this evenings lecture ought to be, 
and 1 believe is, interesting to the farmer, and I only wish 
that I could hope to make the interest of my lecture bear 
any proportion to that of the subject of which it treats. 

To go at once to our subject — Steam — I propose, in the 
first place, to try and explain What steam is ; how it is 
produced ; and what are its properties, which make it such 
a valuable mechanical agent. 

First, then, What is steam ? You'll answer at once. 
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11 Oh ! steam — steam *s what we see coming out of the 
spout of a kettle." Well, steam does come out of the spout 
of the kettle, but you will excuse me if I take the liberty 

of stating that you do nvt see it however, of that 

presently* 

Steam, then, is the vapour of water, or, to apeak more 
exactly, it is the state which water assumes on receiving 
a certain amount of calorie, or beat* Water exists in 
three states t the solid state, when we call it ice ; the 
liquid state, when we call it water ; and the state of an 
elastic fluid, or air, when we call it steam* 

Steam is water converted into air, or gas, and we 
shall find that it possesses many of the properties of 
common atmospheric air — the air we breathe. 

In the first place, then, steam, like air, is invisible, I 
am afraid this will be a somewhat startling assertion, for I 
suppose every one will say that he has seen steam, and 
he does see it every day of his life. I must tell him that 
he 13 mistaken. If a glass vessel be filled with steam, 
it will appear as empty, as if it contained nothing but air. 
What, then, is that white cloud that follows a railway 
engine ? Surely we see that ; and is that not steam ? It 
is not. The thin cloud that we see at the spouts of our 
kettles, and the long white line that marks the course of 
the railway train, are not steam, but water — very minute 
particles of water produced from the steam which, bitting 
into the cold air, parts with its heat, which heat was essen- 
tial to its retaining the form of steam. It tlnm becomes 
re-converted into water ; the particles of the steam cling 
together, as it were, and form minute drops of water, 
which are then visible to t lie eye* A vct^ little qfaiMsmr 
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tion will convince you that steam is invisible. Turn the 
spout of your boiling kettle (a simple philosophical in- 
strument !) towards the flame or glowing coals of your 
fire, instead of pointing it towards the room, and you will 
see very little of the white cloud that was before appar- 
ent. Or, wait till summer comes; and on one of the hottest 
of the dog-days, when there is not a breath of wind, make 
your way to a railway bridge, about the time when a train 
is likely to pass. Wait patiently ; presently you hear a 
rumble ; the noise increases ; the train comes in sight ; 
you hear the puffing from the chimney ; it passes under 
you ; you feel its hot breath ; away it goes along its iron 
road — but you look in vain for the well-known white 
cloud ! Why is this ? Surely steam has issued from the 
chimney, and yet you cannot see it ; and for the best of 
all reasons — because it is invisible. The truth is this: 
the steam having a very high temperature itself, rushes 
into a heated atmosphere ; the consequence is that it still 
retains sufficient heat to enable it to remain in its state of 
a gas ; it remains in that state, and is invisible. 

I think that any one who will take the trouble to observe 
this for himself, will admit it as a satisfactory proof that 
steam is invisible. 

Like air, again, steam is elastic — that is, it has a ten- 
dency to occupy more space than it does occupy, if it be 
permitted to do so. Fluids, you know, are divided into 
two classes, elastic, and inelastic or liquids. A former 
lecturer explained that in all bodies there are two forces 
exerted among the particles which compose them — a force 
of cohesion, tending to draw the particles closer to one 
another, and a force of repulsion, which would cause 
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them to fly apart. Id solid bodies, the force of « 
lion exeeeda (hat of repulsion. In inelastic fluids or 
liquids, both these forces are greatly weakened and 
ate more equally balanced ; in elastic fluids or gases, 

tfa as air and steam, the repulsive force is supreme, 
gad there is a constant tendency among the parti- 
cles to fly asunder. Thus, any quantity of an elastic 
fluid, however small, wilt till any space, however large. 
For, if you will only give it room, its particles wiU By 
constantly farther and farther from each other, without 
assignable limit* But, you must remember, that the 
greater space you give an elastic fluid, the farther will its 
particles be from one another, and therefore the more 
will its density be diminished — in other words, the thinner 
it will be* For instance, if a quantity of any elastic fluid, 
such as air or steam, contained in a vessel of a certain 
-ize ( be allowed to expand by its elasticity, so as to fill a 
vessel of twice that size, its density will be diminished by 
one half, for where there were in the first instance, sup* 
pose, two particles of the fluid, there is, after the expan- 
sion, but one* 

But elastic fluids are not only expansive ; they are aUo 
compressible; they may, that is, be compelled by pressure 
to occupy less space than they naturally would do. But 
this pressure being directly opposed to their natural ex- 
pansive tendency, they will vigorously resist it. The more 
you compress them, the greater will their expansive force 
become* If you compress them into half the space they 
naturally occupy, you double Ibeir expansive force; if 
you force them into one- fourth of their natural space, 
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their efforts are four times greater to regain that space — 
and so on, in proportion. 

Now these, as Capt. Jones observed in his excellent 
lecture upon air, are properties of common atmospheric 
air, they are also properties of steam. Steam, if allowed 
to do so, will expand indefinitely, becoming as it expands 
proportionately less dense; it may also be compressed, 
becoming, like air, more dense, and exerting an increased 
expansive force in proportion as the space it occupies is 
diminished. 

But there is one most important property of steam which 
is not shared by common air ; — not only can it be made y 
but it can also be unmade. There are, I believe, some 
gases which can by some means be reduced to the form of 
liquids, but this is not the case with atmospheric air. 

We have all a general notion of how steam is made, viz., 
by boiling water. But I think you will find it worth while 
to examine a little into this process of boiling, with the 
effects of which we are all familiar. 

When a source of heat, as for instance, a lamp, is applied 
to a vessel containing water, the first effect is to raise the 
temperature of the vessel, which communicates its heat to 
the water in contact with its interior surface. The water 
thus heated, being lighter than the mass of the water in 
the vessel, rises to the surface, and its place is taken by the 
colder, and, therefore, heavier water ; this in its turn be- 
comes heated, and rises ; and so the process is continued. 
At first, the water which comes in contact with the interior 
surface of the vessel carries off the heat supplied by the 
lamp, without itself being raised to a sufficient temperature 
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to be converted into steam ; but, when the temperature of 
the whole body of water is considerably raised, then the 
thin film of it which comes in contact with the heated 
vessel receives an addition of heat, sufficient to raise it tu 
212 degrees of Fahrenheit, or boiling poinl, —above which 
temperature water cannot, under ordinary circumstances, 
retain the liquid form. It is then immediately converted 
into steam, which rises in the form of bubbles to the sur- 
face of the water, and escapes. This is what has taken 
place when our kettle begins to "sing" — the singing being 
caused by the bursting of the bubbles at the surface- This 
in the commencement of boiling. The formation of steam 
bubbles becomes more and more rapid as the temperature 
of the water rises ; until at length, when the whole 
has reached 212 degrees, that which comes in con- 
tact with the bottom of the vessel is instantaneously 
converted into steam, which rushes to the surface and 
escapes : other water takes its place, and in its turn 
is vapouriaed-~and thus is the process continued, until all 
the water in the vessel is evaporated ; the violent agita- 
tion of the surface of boiling water being caused by the 
rapid rise through it of the bubbles of steam. In this 
manner is steam produced. 

The most remarkable phenomenon which this process 
of evaporation presents, is the great space occupied 
by the steam, compared with that which was occupied by 
the water from which it is produced* 

Steam being an elastic fluid, is of course capable ot 
indefinite compression or expansion, and, therefore, Hub 
space it occupies will vary with the pressure upon it ; but 
I am speaking now of steam acted upon m&vc\% Wj vW 



118 WINTER EVENINGS* RECREATIONS. 

pressure of the atmosphere — a pressure which amounts to 
15 lbs on every square inch ; such a pressure as, under 
ordinary circumstances, in open vessels, is always acting 
on the surface of boiling water. 

To give an idea of the enormous bulk of steam as 
compared with the water from which it is produced, let 
us suppose A, (Fig. 1, plate /,) to be a pipe of square 
bore, the dimensions of the bore being one inch each way. 
Let it be closed at the lower end, but open at the top. Into 
this let a small quantity of water be poured, till it has 
risen just one inch in the pipe ; there will then be at the 
bottom of the pipe one cubic inch of water, represented 
at W. Into this tube let a piston or plug, P, be inserted, 
steam tight, and allowed to rest upou the surface of the 
water. The pressure upon the water will be 15 lbs from 
the weight of the atmosphere, the area of the surface 
being one square inch. Besides this, there will be the 
weight of the piston, which however we will imagine to 
be in some way counterbalanced, and therefore we need 
not take it into account Now suppose a lamp, L, to be 
applied to the lower extremity of the pipe. At first, the 
only effect will be to raise the temperature of the water ; 
when this, however, has reached 212° of Fahrenheit's 
scale, the process of evaporation will commence; steam 
will be produced, having a force sufficient to resist 
the atmospheric pressure, and the piston, P, will begin to 
ascend ; and this ascent will be continued until the whole 
of the cubic inch of water, W, has been evaporated, or 
converted into steam. But by the time this has happened, 
the piston will have risen to an astonishing height, sup- 
posing* the tube to be sufficiently prolonged. I have been 
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unable in the diagram to give the whole pipe, as I think 
you will readily understand when I tell you that its h right 
would be, within eight feet, the same as that of the 
Wellington Monument ! It would be, in round numbers, 
1,700 inches. 

A cubic inch of water, then, has produced 1,700 cubic 
inches of steam, of a pressure equal to that of the atmos- 
phere — that is, 15 lbs on the square inch. 

Now 1,700 cubic inches are very nearly one cubic 
foot ; therefore it is usual to say* and easy to remember, 
that— 

A cubic inch of water will produce a cubic foot of steam , 
havinga pressure equal to that of the atmcxpkere. 

To make my meaning plain, let A, (Fig, 2 J f be a vessel, 
the internal dimensions of which are one foot every way. 
Then what we call its capacity will be one cubic foot* 
Suppose we place in this one cubic inch of water ; and 
then, by means of an air-pump, exhaust the air from the 
vessel A. Let a lamp, L» be then applied, until the water 
is entirely evaporated. It will be found that the vessel 
A will be filled with steam, having a pressure equal to 
the atmosphere — that is to say, if the stop-cock, C, be 
opened, neither will the steam rush out nor the air rush 
in — supposing, of course, the temperature of the steam 
to be by some means kept up* The cubic inch of water, 
then, has produced a cubic foot of steam, having a pres* 
sure of 15 lbs on every square inch of the interior sur- 
face of the vessel* 

We will now examine the mechanical effect that this 
of evaporation has produced. This is easily cal- 
culated, if we bear in mind the property I mentioned as 
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being common to all elastic fluids — namely, that their 
pressure, or expansive force, increases in proportion as the 
space they occupy is diminished. Referring again to 
fig. 1 : we have seen that a cubic inch of water, con- 
verted into steam, has produced a force sufficient to 
raise the piston, P, to the height (nearly) of the 
Wellington Monument, or 1,700 inches. But upon this 
piston there was a constant pressure of 15 lbs, due to 
the weight of the atmosphere ; therefore one cubic inch 
of water, converted into steam, raised 15 lbs to the 
height of 1,70(1 inches. Now suppose that, when the 
piston was at that height, its weight were doubled, by the 
addition of 15 lbs placed upon it, it would then fall until 
the steam had been so far compressed that its expansive 
force or pressure was doubled, when it would again sus- 
tain the weight of the piston. By the property of elastic 
fluids, we know that this pressure would be doubled when 
the steam is compressed into half its original space — that 
is, when the piston has fallen half way down the tube; 
at this point, then it would again be supported. Thus, 
one cubic inch of water, converted into steam, will raise 
30 lbs to one half the height of the tube, or 850 inches. 
Carrying on the same reasoning, we shall find that it will 
raise a weight four times greater to one quarter of the 
height, and so on, till we find that it will raise very nearly 
one ton weight to the height of twelve inches ! 

This, then, is the measure of the mechanical force of 
steam, and it is expressed in this way : 

One cubic inch of water, converted into steam, produces 
a mechanical force sufficient to raise a ton weight to the 
height of one foot. 
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A fid this, in practice, is about the limit of its power. 

I have now mentioned how steam is made* and the me- 
chanical effect it is capable of producing. It can also be 
unmade, Sind, in being so unmade, it calls into action a great 
and most valuable source of power. Steam being the 
state wbich water assumes on receiving a certain amount 
of beat, if that heat be again withdrawn, it will return to 
its former condition* It is then said to be condensed ; 
and it produces mechanical effect in this manner : 

When the cubic inch of water (in fig* 1 ) has been con- 
verted into steam* and has raised the piston to its full 
height, suppose that this steam be suddenly, by any 
means, condensed, or re-converted into water, (as, for in- 
stance, by cold water being applied to the exterior of the 
pipe), what will be the consequence ? Instead of filling 
the great apace it filled as steam, it will shrink to its for- 
mer dimensions, and only occupy one cubic inch, leaving 
the tube empty, or, as we say, producing a vacuum in the 
tube. The air then which presses with a weight of IS lbs 
upon the piston, will be counterbalanced by no upw rd 
pressure below the piston, which will consequently de- 
seen d* under the pressure of 1 5 lbs, until it rests, as at 
first, upon the surface of the water. Thus, then, the con- 
densation of the steam has produced a mechanical force 
<>f 15 lbs on the square inch, due to the pressure of the at- 
mosphere. The manner in which this force is practically 
employed, I shall shortly explain. 

Before, however, going to the second part of my sub- 
ject — the practical application of steam — I must say a fan 
words on two points, which, though they have been 
touched upon by former lecturers in thin racu&n I WDfl 
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yet allow to pass unnoticed, as they are intimately con- 
nected with the subject of steam. 

The first is this, that the boiling point of water — that 
is, the temperature at ^ liich it becomes converted into 
steam — is not under all circumstances the same ; but de- 
pends upon the pressure under which it is boiled. The 
greater the pressure, the higher will be the temperature 
required to produce ebullition, or boiling ; with a less 
pressure, a lower temperature will suffice. In illustration 
of this, I remember reading somewhere of some travellers 
in a mountainous region who attempted the ascent of one of 
the highest peaks, taking with them their cooking apparatus 
and a couple of chickens, slaughtered and ready plucked. 
Having reached a great height, and exhausted nature de- 
manding refreshment, they halted ; the fire was lighted, 
the pot was put on, and in due time the water boiled ; 
the fowls were put in, and being left the usual time, were 
withdrawn ; knives and forks were produced, in true jwc- 
nic fashion — but what was the disappointment of the 
travellers ; the chickens were nearly raw ! The water 
had been vigorously boiling ; they had been in the ordi- 
nary time — and yet they were grievously underdone ! 
Why was this ? For this reason : owing to the great 
height at which they were, the density, and therefore the 
pressure, of the air was very much diminished ; conse- 
quently the water boiled at a much lower temperature 
than it does under ordinary circumstances : the fowls 
therefore should have been left in for a longer time, in 
order to be thoroughly done through. 

I shall endeavour to illustrate this by a little experi- 
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tent, in which, if 1 can succeed with it, I shall make 
water boil by means of cold ! 

I take this Florence flask, in win eh I have a small 
quantity of water boiling over the flame of a spirit-lamp, 
I take the flask in my left hand, and lightly cork it, at Ihe 
same time removing it from the flame. Immediately, you 
will observe, the ebullition, or bubbling of the water, has 
ceased. I take now this sponge, saturated with cold water, 
and press it upon the upper part of the flask. Observe 
the effect — the water has begun again to boil. It soon, 
however again ceases; but by once more applying the 
cold sponge, 1 can make it re-commence — less vigorously, 
however, than before, I have done, then, what I pro- 
posed, and made the water boil by the application of 
cold 1 

Let us examine the cause of this ; on first corking the 
fhisk, the water ceased to boil, in consequence of the steam 
being prevented from escaping, and preying with consid- 
erable force on the surface of the water, which could not, 
under the increased pressure, boil with the temperature 
of 212°, which it then had* On applying the cold 
sponge, the steam in the upper part of the flask was con- 
densed, leaving a partial vacuum, and thus removing the 
pressure from the surface of the water. In consequence, 
it again began to boil — for although its own temperature 
was diminished, yet the pressure being also much reduced, 
it boiled at a lower temperature, under a decreased pres- 
sure ; and it continued so to boil until it had given off 
enough steam to fill the vacant space in the flask, when 
the pressure again was produced, and the boiling ceased. 
And so it went on, the effect being each time mate. %\k<^\». 
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from tbe gradual cooling of the water, until it altogether 
ceased to act. 

This experiment afford* a proof that water wfll boQ 
at a lower temperature then 212° at a pressure leas than 
that of the atmosphere, or 151bs. on the square inch. 
Hence we might conclude, by an easy inference, that, 
under greater pressure, a higher temperature would be re- 
quired to boil water. This has also been proved by 
direct experiment with an apparatus, called Marcet's 
Boiler, described in Dr. G Wynne's lecture on Heat. 

The other point to which I wish to refer, is the latent 
heat of steam. 

Referring to fig. 2, we will suppose a cubic inch of 
water placed in the small receptacle at the bottom of the 
vessel A, the capacity of the vessel being a cubic foot. 
Suppose a lamp applied below the water, in which let the 
bulb of a thermometer, T, be placed. The heat supplied 
by the lamp will go in the first instance to raise the tem- 
perature of the water till it has reached 212 degrees. 
After this, the thermometer ceases to rise, but the heat 
continues to be given out by the lamp. What, then, be- 
comes of this heat ? It remains in the $team 9 but is not 
discoverable by the thermometer. That it it in the steam 
we can prove, but why it is not sensible to the thermo- 
meter, is beyond our knowledge. The heat, which thus 
exists insensibly, is called latent heat, which means nothing 
more than heat ly'ng hid, the presence of which we 
cannot at the time perceive. 

That it remains in the steam may be proved in this way : 

at the moment when all the water has been converted into 

•team, the thermometer, T, will be observed to stand at 
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212*. This, then, is the sensible temperature of the 
steam. Now if through the stop -cock, C, we inject 
five and a half cubic inches of water, at the temperature 
of melting snow — that is, 32° of Fahrenheit— the effect 
wCl be very striking* The steam contained in the 
vessel will be condensed , and return to the form of 
water, still retaining its temperature of 212°, a* indicated 
by the thermometer ; and besides this, the whole five and 
a half cubic inches of water which were injected at a 
freezing temperature will be found to have been raised to 
the boiling point ; so that we shall have at the bottom of 
the vessel six and a half cubic inches of water, of the 
temperature of 212°* 

There was, then, sufficient latent heat lyiflg hid in the 
steam to raise the five and a half cubic inches of water 
from 32 to 212 degrees, without the slightest diminution 
of its own temperature, as indicated by the thermo- 
meter. 

The conclusions from this fact are of great practical 
importance, and I may, perhaps, before the end of 
this lecture, have occasion again to refer to it. At any 
rate, it is a curious fact, serving to illustrate what wo mean 
when we speak of latent heat. 

Mr. Crotch, in his excellent lecture on Water, men- 
tioned that this phenomenon of latent heat would account 
for the well known process of cooling by evaporation. 
This may be shortly explained : I have observed that 
water boiled in an open vessel will not attain a higher 
temperature than 212% whatever additional heat it 
receives going off in the form of vapour and steam. This 
evaporation j or the formation of steam, has a cwaak-v^ 
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tendency to keep down the temperature of the water from 
which it evaporates. And this same effect will take place 
at every temperature of the water, however low, for we 
must remember that there is considerable evaporation from 
water at all temperatures, the amount of this evaporation 
varying with the temperature. For this reason it is usual, 
in hot climates, to keep water in jars of porous earthenware, 
through the pores of which some of it finds its way, and 
evaporating from the external surface, reduces the tempe- 
rature of that remaining within. To the value of the 
application of this principle, in the case of leathern bottles, 
I can bear the testimony of experience, having often en- 
joyed a delicious draught of cold water from such a bottle, 
which has been dangling for hours at a camel's side, under 
a desert sun. These bottles are not entirely closed at the 
mouth, but a small opening is left, through which the water 
spirts by the motion of the camel, and, falling on the ex- 
ternal surface of the bottle, evaporates rapidly, drawing off 
the heat from within. 

I have now, I hope, said enough, with regard to the 
properties of steam, to render intelligible the explanations 
which I shall have to give in speaking on the second part 
of my subject, viz: — The practical application of this 
giant force. In passing to this, let me just observe that, my 
object having been to place before you the facts with which 
I have bad to deal, as clearly and intelligibly as I could, 
I have avoided unnecessary complication, which would re- 
sult from a too precise attention to mathematical accuracy, 
thinking that the close approximation to the truth which 
the use of round numbers gives us, and which is easily 
remembered, will be more practically useful than the mi- 
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nute precision which may sound very scientific in the 
lecture- room, but takes a far weaker bold upon the memory. 

It may not be uninteresting if I preface my observations 
on the practical application of steam, by a few words upon 
the earliest forms of the steam-engine, and trace briefly its 
history, as we shall see how the properties of steam, which 
I have already mentioned, were one by one called into play, 
till they were ail united in the beautiful machine of the 
present day — the Double-acting, Condensing, Steam En- 
gine, of which Fig. 18 represents a section* 

The earliest engine of which we have any account was 
contrived by one Hero, of Alexandria, who lived 120 years 
before the Christian era- I have here a small glass model, 
{Fig. a), which will illustrate the mode of action of this 
machine. It consists of a flask, F, containing a small quantity 
of water, and capable of turning freely upon a pivot, F; 
the neck of the ilask, which is closed at the top, being sup- 
ported by, and revolving in, a ring of brass, 1L From 
iower part of the neek project, from opposite sides, two 
curved tubes of glass, XT, communicating with the in- 
terior of the flask, and open at their extremities. The form 
and position of these tubes may be seen in the figure. 
The water being boiled in the flask, by means of the 
spirit-lamp, L, the steam rushes with violence from the 
mouths of the two tubes ; the resistance offered by the at- 
ospherc to the escape of theae jets of steam produces a eor- 

pouding reaction upon each of the tubes, and the model, 

you see, revolves with great rapidity. The principle 
which this acts is dimply the same as that of the 
coil of a gun; the fluid escapes with great force in one 
u. and produces a reaction in the opposite direction 
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corresponding with the atmospheric resistance. If the 
gun-barrel, instead of being straight, were bent at right 
angles to its length, the consequences, (supposing for the 
moment that the gun did not burst, which it inevitably 
would), would be that the unlucky sportsman would be 
set spinning like this simple, but ingenious, engine of 
Hero of Alexandria. 

Useful as the power of steam now is, in the arts of peace, 
there is a story on record which tells us that one of its 
earliest applications was for hostile, or, to say the least, 
unneighbourly purposes. Two worthy individuals, by name 
Anthemius and Zeno, who occupied adjoining houses, were, 
as is too often the case with near neighbours, not on the 
most friendly terms. To annoy his neighbour, Anthemius 
placed several boilers on the ground-floor of his own 
house, from which he conducted pipes through the wall, 
under the floors of his neighbour's rooms. Having 
prepared his apparatus, he awaited his opportunity ; and 
then, when he knew that Zeno would be particularly vexed 
at any annoyance, he lighted his fires. The con- 
sequence may be imagined : the steam rushed under the 
floors of Zeno's house, " making them heave as with an 
earthquake !" Had Anthemius but employed his talents, 
which must have been considerable, in making a better 
use of the power produced from his boilers, he might have 
been a benefactor to mankind, instead of an annoyance to 
his neighbour ! 

Taking a great step in time, we come to an engine, in- 
vented by an Italian, Giovanni Branca, in 1629, ( Fig. 4). 
It was a most simple contrivance, but very limited in its 
power. It consisted of a boiler, with a pipe directed to- 
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wards the vanes of a kind of p addle -wheel. The steam 
issued with force from the pipe upon the vanes* and caused 
the wheel to revolve. I need hardly say that none of the 
most valuable properties of steam were here brought into 
use. 

The name which stands next upon the list is that of an 
Englishman of noble family, the Marquis of Worcester. 
Indeed he mar be looked upon as the real inventor of the 
Steam- engine. It must be admitted, however, that his claim 
to this honour has been disputed ; a Frenchman, Solomon 
de Caus by name, is brought forward by his countrymen 
as a rival claimant* The truth seems to be that De Caus 
discovered the elasticity of steam, and the power which it 
exercised* but that the Marquis of Worcester, either mak- 
ing use of his discovery, or re-discovering the fact for 
himself, was the first to apply it to practical purposes. The 
description that he himself gave of his machine (the object 
of which was the raising of water) is so imperfect, that 
we cannot be quite sure of its exact construction, although 

be principles upon which it acted are plainly stated. 
However, I need do no more than mention his name as one 
to be remembered in the history of the Steam-engine 

About the time at which the Marquis of Worcester 
lived, great difficulties were beginning to be experienced 
in the working of mines, from the inadequacy of the means 
of drainage* Many rich veins of ore had to be aban- 

Diicd, and others, which, though inferior in quality, were 
Qtiftftff the surface of the ground, and therefore U> 

Irticted by i In- 1 bre&king-lu of water* had to be worked in- 
H& ■ Is* C€Beity," they say, **i§ tfae mother ol invention;" 

mi the lie i q urgent, 
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that every man of ingenuity was racking his brains for a 
means of effecting a more perfect drainage of mines. Horse 
power and water power, where it was possible, were em- 
ployed ; but the expense was enormous, and the result but 
small. At this time one Thomas Savery, a superintendent 
of Cornish mines, and therefore called, according to 
the fashion of the mining districts, Captain Savery, hit 
upon a method for raising water by the agency of steam, 
which, though imperfect enough, was nevertheless a step 
in advance of the old system. The circumstances which led 
to his invention are thus related : " Having drunk a flask 
of Florence at a tavern, and flung the empty flask on the fire, 
he called for a basin of cold water to wash his hands. A 
small quantity of the wine which remained in the flask, 
began to boil, and steam issued from its mouth. It oc- 
curred to him to try what effect would be produced by 
inverting the flask, and plunging its mouth in the cold 
water. Putting on a thick glove to defend his hand from 
the heat, he seized the flask, and plunged it in the water ; 
the liquid immediately rushed up into the flask and filled 
it* 

Having here a Florence flask, I will, with your leave, 
place myself, for a few minutes, in the position of the 
Captain. 

A small quantity of water is boiling in the flask over 
the spirit-lamp. I have here a vessel of cold water 
(coloured, in order that the result of the experiment may 
be more apparent). My hand being protected with a 
glove, 1 take the flask and plunge its mouth into the cold 

* Lardncr's Steam -engine, p. 47. 
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liquid. Immediately the liquid rushes with force into the 
flask, and very nearly fills it. 

Let us examine the reason of this. It is simply as fol- 
lows : — The small quantity of water boiling in the flask, 
gave off steam, which expelled the air from the interior of 
the flask- This being accomplished, I inverted the flask 
in the vessel of cold water. The heat of the boiling water 
and of the steam was withdrawn, at first slowly, afterwards 
more rapidly , as a larger body of cold water came iu con- 
tact with the steam* The steam thus became condensed, 
and a vacuum was formed in the flask. The air, pressing 
on the surface of the water in the vessel^ forced it upwards 
into the flask, producing the effect which you observed. 

This was the principle of Savery's engine ; and, as 
shortly as 1 can, 1 will explain how this principle, com- 
bined with that of the elasticity of steam, was brought 
into practical application. 

Let F, (Fig, 5,) represent an iron vessel, connected with 
a steam-boiler, by means of a pipe, S, having a stop -cock 
at C, The vessel F also communicates by a pipe, G, with 
a pipe, AB, the lower extremity of which descends into 
the well, or mine, or other place from which it is desired 
to raise water. The upper end of the pipe is bent so as 
to discharge itself into a reservoir, D, which is supposed 
to be at the height to which the water is to be lifted. 
Id the pipe AB are two valves, It and V, both opening 
upwards, and placed one above and the other below, 
the junction of the pipe G* From the reservoir D, a pipe, 
having a stop-cock, K, is carried into such a position as to 
discharge, when required, a stream of cold water upon 
the external surface of the vessel F. To cx\v\a\\x VW."&s^ 
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tion of this machine : — At the commencement of its ope- 
ration, the vessel F and the pipes 6 and AB will be filled 
with air. A small quantity of cold water must previously 
have been poured into the reservoir D. The stop-cock C, 
which was before shut, must now be opened ; steam will 
flow from the boiler and will fill the vessel F and the pipe 
G, and opening the valve R, will force out all the air in 
the vessel and pipes. The same effect will then have been 
produced as resulted from the boiling of the water in the 
flask*— -that is, the air was driven out, and its place occu- 
pied by steam. 

When this is done, the stop-cock C is closed, and 
K opened; cold water flows from the cistern D upon 
the vessel F. The vessel becomes rapidly cooled, and 
the steam within it consequently condensed.' A vacu- 
um is therefore produced, which is immediately filled by 
the air between the valve V and the surface of the water 
in the well. The stop-cock K is then closed, and C opened, 
and the air is once more expelled as at first from the vessel 
and pipes. Once more is C closed and K opened. The 
stream of cold water on the surface of the vessel F again 
condenses the steam within it ; a vacuum is produced; the 
pressure of the air closes the valve R, but at the same time 
the weight of the atmosphere on the surface of the water in 
the well forces it up the pipe, through the valve V, until it 
fills the vessel F, the pipe G, and the portion of AB be- 
tween the valves V and R. This is just what took place 
in my experiment with the flask. The stop-cock K is now 
shut, and steam again admitted, through the pipe S, from 
the boiler. This steam, owing to its elasticity, presses 
forcibly upon the surface of the water in F, forces it 
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through the pipe G, through the valve R, (the valve V 
preventing its return to the well), until it is discharged at 
£. This water being raised, the steam in F is again con- 
densed, as before ; more water is forced into the vacuum 
produced, which in its turn is forced upwards, on the re- 
admission of steam, and thus the process is continued. 

There is one point in this process, which probably has 
struck you as remarkable, and which demands a few words 
of explanation, as it is a striking exemplification of a 
physical fact mentioned by Dr. Gwynne, namely, that, 
water is not a conductor of heat. It may be asked — 
How comes it that, when the steam is admitted into 
the vessel F, it is not condensed, as fast as admitted, 
by the cold surface of the water upon which it presses ? 
The reason is this : water will not conduct heat ; the steam 
that comes first in contact with its surface and the cold 
surface of the vessel, is indeed condensed, and becomes hot 
water ; this, being lighter than cold water, floats in a thin 
film on the surface, and forms, as it were, a barrier be- 
tween the cold water beneath and the hot steam above. 

Such was Savery's Engine. It was a vast improvement 
upon horse-power, but left much yet to be done by subse- 
quent inventors. 

There is but one other form of Steam-engine which I 
shall mention before I come to the description of the 
engine which we have now in use. The machine to 
which I refer is called the Atmospheric Engine, and was 
the invention of two ingenious men, an ironmonger and a 
plumber, named Thomas Newcomen and John Cawley, of 
the town of Dartmouth, in Devonshire. It is represented 
in its most important details at fig . §. T W\\tafe>ta>\t *& ^wt 
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machine was to raise water; for which purpose there was 
employed a common pump, of large dimensions, with pipes 
descending to the well, or mine, from which water was to be 
raised. 

The rod, N, of this pump, was attached by a chain to 
the arch-head, M, of a beam, B, which rocked upon a 
pivot, at its middle point, K. The rod N was weighted 
with a heavy weight, W, in order to draw down, when 
required, the arch-head M. To the corresponding arch- 
head, L, was similarly attached, by a chain, a rod, It, to 
the lower end of which was fitted a piston, or solid plug, P, 
working steam-tight in a cylinder, C. This cylinder was 
open at the top. S in the diagram, is the steam-pipe from the 
boiler, having a stop-cock, A. A pipe, with a stop-cock, 
T, also entered the bottom of the cylinder, and communi- 
cated with a cistern of cold water, D, raised to such a 
height, that, the stop-cock T, being opened, a jet of cold 
water would spout up into the cylinder. G is a pipe with a 
stop-cock, to drain off the water that there may accumulate 
in the cylinder. To work the engine, the stop-cock A is 
opened, and G and T are closed. Steam flows from the 
boiler, and, assisted by the counterpoising weight, W, 
raises the piston P. When this has reached the top of its 
stroke, the stop-cock A is closed, that at T opened. The 
jet of cold water issuing from X condenses the steam in 
the cylinder, producing a vacuum below the piston. The 
pressure of the atmosphere on the top of the piston then 
forces it down. By means of the beam B this motion 
raises the pump-rod, N, and its load W, and also, by the 
principle of the action of the common pump, lifts a quan- . 
tity of water, which is discharged at the surface, and 
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carried off. The steam is again admitted through the 
stop-cock A, to the cylinder C, the vacuum is destroyed, 
and the weight W again raises the piston, ready for 
another stroke. 

Such was the action of the Atmospheric Engine. Its 
practical value soon established its use ; but its reign was 
of short duration ; for its defects, which were numerous, 
before long attracted the attention of a man whose name 
was destined to enjoy a world-wide reputation, and whose 
inventive genius, and laborious industry were to produce 
results bringing in a new era in the history of civilization, 
of commerce, yes, and of war also ! This man was James 
Watt. His name should be familiar to every Englishman. 
It is one of which we may be justly proud, for it is to him 
more, perhaps, than to any other man, that we are indebted 
for the pre-eminent position which our manufacturing 
industry has held in the estimation of the world. He 
found the Steam-engine such as I have just described it, 
and he left a monument to his perseverance and talents, 
in the engine now in use — not the Locomotive of our 
railroads — but what is a far more perfect machine, the 
Stationary Engine of our manufactories, The superio- 
rity of this over the railway and threshing engines will 
be explained below. 

It will not, I hope, be uninteresting to you, if I intro- 
duce the description of the steam-engine, as perfected by 
James Watt, by a very short account of the man himself. 

James Watt was born at Greenock, near Glasgow, in 
Scotland, in the year 1/36, his father being a respectable 
tradesman in that town. From his earliest years the bent 
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of his mind became apparent. When only six years old, 
he was discovered, chalk in hand, tracing figures upon the 
hearthstone — he was solving a problem of Euclid 1 His 
earliest experiment on the properties of steam drew upon 
him the rebuke of a worthy aunt, for what she considered 
to be listless idleness : " More than an hour has now 
passed away, and you have not uttered a single word. Do 
you know what you have been doing all this time ? You 
have taken off and put on repeatedly the lid of the teapot ; 
you have been holding the saucers and the spoons over the 
steam ; and you have been endeavouring to catch the 
drops of water formed on them by the vapour. Is it not 
a shame for you to waste your time so ? " Worthy Mrs. 
Muirhead ! you little knew that this was the first experi- 
ment in the splendid career of discovery that was to 
immortalize your little nephew ! 

At nineteen he was apprenticed to a mathematical instru- 
ment maker in London. He only remained there, however, 
for one year, when he returned to Glasgow, and set up for 
himself in the business. His attention was first particularly 
called to the subject of steam by having to repair a model of 
Newcomens Atmospheric Engine, described above. The 
defects of the machine became soon apparent to him, and led 
him to seek a method of obviating them. His mind once 
fully fixed upon the subject, experiment followed experiment, 
and an uninterrupted course of splendid discoveries and 
inventions resulted in giving to the world the steam-engine 
in a form in which 100 years, and the mechanical and 
scientific knowledge of many generations, have made but 
few improvements, none certainly in its principle, and 
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hardly any even in the details of its construction, excepting 
so far as its application to railroads or steam- vessels requi- 
red a special arrangement of its various part*. 

Watt died at the age of eighty-three; and the govern- 
ment of the day refused a public monument to lib honour, 
for fear it should be used as a precedent in like cases here- 
after, Like cases forsooth ! 

With this slight sketch of James Watt, I will pass at 
once to describe his great invention — the Double-acting 
Steam-engine. Before, however, speaking of the engine 
itself, I must say a few words about the source of steam 
—the Boiler. 

Boilers are constructed of various forms, the object 
being to produce the greatest amount of steam with the 
least consumption of fuel ; for which purpose it is neces- 
sary so to arrauge the Hues of the furnace, that the heat 
of the air and gases passing through them should not be 
wasted, but communicated to the water of the boiler. The 
form which is found the best to answer this purpose, and 
which is almost universally employed, except in the largest 
class of boilers where steam of only a moderate pressure 
is required, is termed the tubular boiler. The whole 
length of the boiler, which is cylindrical or barrel-shaped, 
is traversed by a number of tubes of about two inches in 
diameter. These tubes are shown in their length in Jig, 19, 
which represents a longitudinal section of such a boiler in 
a locomotive engine, and their ends are exhibited in fig, 7. 
At one extremity of the boiler is placed the furnace, and 
at the other the chimney, and the highly heated air and 
gases from the burning fuel being drawn through the tubes, 
impart their heat to the water by which they are surround- 
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ed. In some locomotive, or railway engines, where this 
principle of tubular flues is carried to an extreme, there 
are as many as 150 of these tubes. In the threshing- 
engine, the number is not so great, but the same principle 
is carried out. In a small engine of this description which 
I have lately examined, the number is 16. It is not diffi- 
cult to see the advantage of this form of boiler. The water 
receives its heat only upon coming in contact with such 
parts of the surface of the boiler as are heated by the 
furnace. The greater, then, this heating surface can be 
made, in proportion to the size of the boiler, the quicker 
will be the evaporation — and it is found that by the tubular 
construction this end can be best attained. To understand 
this, imagine the 150 tubes of a locomotive boiler to be 
flattened out and laid side by side. Supposing the length 
of the boiler to be eight feet, aud the diameter of each 
tube two inches ; each strip of brass (for that is the metal 
used), would be eight feet long by six inches wide : 150, 
of these would, therefore, cover a surface of 600 square 
feet! And this, then, is the heating surface of an ordinary 
locomotive boiler, due to the tubes alone, not reckoning 
those parts of the boiler which are immediately exposed to 
to the action of the fire. In the large engines used upon 
the Great Western Railway, the heating surface is probably 
considerably greater. 

Whatever be the arrangement of the flues, it is abso- 
lutely necessary that the level of the water in the boiler 
should be retained at such a height, as to keep them con- 
tinually covered ; for they would otherwise get overheated, 
and would burst in by the pressure of the steam. In order 
to ascertain the level of the water, the boiler is always 
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furnished with two gauge cocks, S and "ftljtg. 8, one a little 
above, the other a little below, the proper level of the 
water. If the water be at its right height, as represented 
in the figure, upon turning the cock S steam will rush out, 
on turning W water will flow. If, on turning S, water 
were to flow, the boiler would be too full ; if steam were 
to issue from \V, it would show that the level of the 
water being below the guage-cock \\\ the boiler would be 
too empty. The supply is kept up by means of a small 
force-pump, worked by the engine, and may be 
regulated at pleasure according as the gauge-cocks show 
that it exceeds, or falls short of the evaporation. In tho 
most perfect class of engines this feed is self-regulating, 
but this cannot be attained in the smaller engines, where 
economy of space is a paramount object. 

The safety valve is a well known appendage to all boilers. 
The object is to prevent such an accumulation of steam 
within the boiler as would increase its density, and conse- 
quently its expansive force, to a degree that the material 
of the boiler would be unable to resist. Had this steam 
no outlet, an explosion would result. It is necessary, 
however, for the working of steam-engines, that the 
pressure of the steam in the boiler should be greatly 
above that of the atmosphere. The safety-valve, therefore, 
is an apparatus which confines the steam until it lias 
attained a certain degree of density, and, therefore, of 
pressure, but allows all the superabundant steam produced 
to make its escape. 

The form of safety-valves most commonly used is repre- 
represented injfg. 8. 

A is an aperture at the top of the boiler, covered by a 
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valve, V, which is pressed downwards by means of a lever, 
BC, upon which hangs a weight, Q, capable of sliding 
upon the lever, and of thus increasing or diminishing, at 
pleasure, the pressure upon the valve Y. Where steam of 
very high pressure is employed, as in the case of locomotives 
and threshing-engines, a spring is employed in place of 
the weight W, the force of which can in the same way be 
regulated at will. 

The pressure of the steam required varies greatly, being 
only 4 or 5 lbs. above that of the atmosphere in what are 
termed low pressure engines, whereas, in the locomotive 
and most high pressure engines, the safety-valve is loaded 
to 50 lbs. on the squre inch. 

In the American River steamers an enormous pressure 
is sometimes applied — 150 lbs. on the square inch is not 
very uncommon; but, as the captain of one of these vessels 
remarked to a traveller, by way of quieting any fears he 
might entertain, " This pressure is never exceeded, except 
upon extraordinary occasions. " 

So much for the source of steam. We will now turn 
to the working parts of the engine, and see how this 
steam is employed. In every engine the motion is pro- 
duced by means of a piston working in a cylinder. The 
cy Under, or barrel, is made of cast-iron, most accurately 
bored in the interior, and closed at both ends. Within 
this cylinder slides freely, but in steam-tight contact, the 
solid piston, or plug, to which is attached an accurately 
turned piston-rod, passing through a hole in the centre of 
the cover of the cylinder. These parts are represented in 
fig* 9, which gives what is called a section ; that is, the 
figure represents the cylinder, &c, as if they were cut down 
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■ middle and laid open* C is the cylinder, P the piston, 
It the piston-rod* It is necessary that the piston-rod R 
should pass freely through the cover of the cylinder, 
without, at the same time, allowing the escape of steam. 
This is effected by means of what is called a stuffing box* 
represented at S* We are familiar with its appearance at 
the top of the barrels of our common lifting pumps* It 
consists of a small box, up the centre of which passes the 
piston-rod. Within this box, and round the piston-rod, 
is wound a packing of tow, which, being kept well oiled, 
and pressed by means of screws, close round the rod, allows 
it free action, but prevents the escape of steam* 

Such being the form of the cylinder and piston, it is clear 
that if by any means, we can admit steam within the cylin- 
der, above the piston, it will press the piston and piston-rod 
downwards, — if we admit it below, the piston will be 
pressed upwards, and thus an alternate upward and down- 
ward motion of the piston and piston-rod may be produced. 
And this is the primary motion in every form of steam-en- 
gine in common use, and from this, by various simple 
mechanical contrivances, the most usual of which I shall 
mention, may be derived any kind of motion that can be 
desired, the commonest, being a motion of "rotatio 
or turning : that is to say. the upward and downward 
motion of the piston-rod is made to turn a wheel, by 
means of which, as in the common threshing-machine, 
other machinery may be set in motion. 

1 have said that, to produce this alternate motion of the 
piston and piston-rod, the steam must be alternately admit- 
ted at the top and bottom of the cylinder* This, however, 
is not all that is required, For suppose the piston to havr 
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been pressed dawn fay steam, if we were to admit steam 
below it, without at the same time withdrawing that which 
had just forced it down, no motion could be produced, for 
there would be steam of equal pressure above and below 
the piston, and the one would counterbalance the other. 

If, however, we allow the steam, which has just pressed 
the piston down, to make its escape* then the steam below, 
meeting with no resistance from that source, will exert its 
pressure, and the piston will be raised. 

It is necessary! then, that when the steam is admitted 
below the piston > it should be withdrawn from above it 
— when it is admitted above, it must be withdrawn from 
below. 

To effect this, a contrivance termed a " Slide- valre, " 
is employed. 

A section of this, and of the cylinder to which it is 
attached, is shown in figs. 10 and 1 L C is the cylinder, P 
the piston* Upon the side of the cylinder is cast a solid 
block of metal, MN, the face of which is ground perfectly 
smooth. From openings, L, W, K, in this face, proceed 
three passages, — the passage from L leading into the 
cylinder at its upper part ; the passage from K leading 
similarly to the bottom of the cylinder ; from the centre 
opening, W, there is a free communication with the ex- 
ternal air* L and K are the steam-ports , W is the 
waste-port. 

The polished face of the block, MN, forms one side of 
the steam-chest, G, into which there is a constant flow of 
steam from the boiler through the pipe S. Through a 
stuffing-box, D, at the top of this chest, passes a rod, Q, 
to which is attached the slide, V. The forms of the slide, 
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and openings over which it works, are given in figs. 12 
and 13. The length of the slide is sufficient to cover the 
opening W, together with either one of the openings L 
or K, according to the position to which it is moved by 
the rod Q. Its face is ground so as to work in steam- 
tight contact with the smooth surface of the block MN» 
Figures 1 and 1 1 represent the slide in two different 
positions. We will consider the effect corresponding to 
these two positions. When the slide is in the position 
indicated in fig, 10, a communication is opened by means 
of the steam- port K, between the lower part of the cylin- 
der, and the steam-chest G, which is kept continually 
filled with steam ; the steam then Bows in Mow the piston, 
and presses it upwards. At the same time the steam which 
may be above the piston t passes out through the steam-port 
L, but, instead of returning to the steam-chest G, it passes 
into the hollow cavity of the slide V, and thence through 
the waste-port W into the external air. When the piston 
has arrived at the top of the cylinder, the slide is moved 
into the position represented in fig, 11- Communication 
between the top of the cylinder and the steam-chest is now 
opened through the steam-port L ; steam will flow above 
the piston, and press it downwards; that which is below the 
piston, and which has just been employed in raising it, 
making its escape at K into the cavity of the slide, and 
out at the waste-port W, When the piston has reached 
the bottom of the cylinder, the slide is again moved to the 
position shown in fig. 10, and steam is admitted and with- 
drawn as before* and thus the action is continued. The 
motion of the piston from end to end of the cylinder is 
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lution, the point C will then be in a position at the same 
distance to the left of A as it before was to the right, 
that is* it will be just twice the distance between C 
and A to the left of its former position* Therefore 
the point M also will have been drawn to the left, 
to a distance equal to twice AC. When the axle 
has completed its revolution, the points C and JVT will 
have returned to the position they formerly occu- 
pied. Thus a continual rotation, or turning, of the 
axle, will cause the point IVI to move alternately to the 
right and left over a space equal to twice the distance 
between C, the true centre of the eccentric, and A, the 
centre of the axle with which it revolves : and this will 
give to the point M just the amount of movement that is 
required to matte the slide take alternately the two positions 
indicated in figs. 10 and 11. 

And in this manner the steam-engine is made a self-acting 
machine. The slide-valve regulates the motion of the 
piston, the piston moves the piston-rod, connecting- rod, 
crank, and axle, and the revolution of this axle works the 
slide by means of the eccentric, and thus, as long as steam 
is supplied, a constant motion is kept up. 

*The circumstances which led to the steam-engine be- 
coming self-acting are remarkable enough, particularly 
as they tell us the unusual story of a valuable invention 
being the result, not of patient industry and perseverance, 
but actually of idleness I 

In the old atmospheric engine?, described above, the 
cocks for the admission of steam and cold water alternately 
into the cylinder, used to be worked by boys, who did 
not, as a farmer will readily understand, always perform 






their work in the moat careful and regular manner, 
consequence, there was always a certain irregularity in the 
motion of these engines. Among these boys was one 
Humphrey Potter, an ingenious urchin, with a passion 
for tops and marbles. While engaged one day at his duties 
about an engine, it occurred to him that, if he could by 
some means get the machine to work its own cocks, he 
ought slip away unobserved and enjoy himself. His pock- 
ets were made to disgorge their treasures of string, and 
by ingeniously connecting the handles of the two cocks 
with the rocking beam above, he managed — roughly 
enough — but at least successfully, to effect his object. 
And his. lazy trick might have remained undiscovered, but 
it was only too successful. An unusual regularity was 
observed in the motion of the engine, the cause was en- 
quired into ; the lazy rogue was gone, but the strings were 
there I The idea was thus originated, and it only remained 
to substitute suitable machinery for Master Potter's strings. 
Various contrivances have from time to time been adopted ; 
but the eccentric-, described above, has now superseded 
all others, and is universally employed. 

In all cases where a steam-engine is employed to w< 
machinery, it is of the greatest importance that its speed 
should be uniform, and this, too, even though the work it 
has to perform may vary. For example — suppose that, 
in a factory, there are fifty looms at work, all set in mo- 
tion by one steam-engine, and all working at the proper 
speed. Suppose one half of these suddenly to be stopped. 
The natural consequence, (if it were not provided against), 
would be that the labour of the engine being diminished 
by one half, it would immediately move with a vastly 
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increased speed, to the great injury of the looms still re- 
maining at work. This might indeed be obviated by the 
care of the engineman, but still there would be considerable 
difficulty and risk. Here the inventive genius of James 
Watt comes to our aid, with a contrivance by which the 
engine itself takes the trouble off our hands, and regulates 
its own motion according to the amount of work it has to 
perform. This contrivance is the " governor. " {fig 16.) 

All who have ever seen a threshing-engine are familiar 
with the appearance of its two balls swinging round and 
round, on either side of an upright rod, with, apparently, 
very little connection with the motion of the engine. 

A few words will explain the action of the Governor, 
It consists of an upright spindle R, turning upon pivots 
at A and C. (In threshing-engines it is supported entirely 
from below.) Upon this spindle is fixed a grooved wheel, 
P,by means of which, and of a strap passing round a similar 
grooved wheel on the axle of the fly-wheel, the spindle is 
made to revolve. A ring or collar of brass, E, is placed 
upon the upright spindle, so as to be capable of moving 
freely upwards and downwards upon it. To the upper part 
of this collar are attached by pivots two short levers, DD, 
which are connected at FF, to two other levers, XX, 
attached by pins to the top of the spindle* At the end of 
these latter levers are fixed heavy balls of metal, BB. The 
collar E is grooved, and holds the forked end of a lever, G, 
attached by a pivot, L, to some part of the framework of 
the engine. The other endjof the lever is connected by 
means of a slight rod, H, to the lever K. This lever moves 
a valve, T, placed in the great steam pipe, S, leading from 
the boiler to the steam-chest and cylinder. This valve 
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consists of a Hal, circular piece of metal, capable, if placed 
vertically, of entirely closing the steam-pipe ; but when 
placed horizontally, opposing little or no impediment to 
the passage of the steam. It is clear, then, that this valve 
will allow the passage of more or less steam, according as 
it approaches nearer to the horizontal or the vertical posi- 
tion, that is, according as the lever K is raised or lowered. 
TIj^ valve T is called, from its action, the throttle* valve* It 
throttles the engine by stoppage of its steam-pipe, if re- 
quired to do so. 

We will suppose, now, the engine to be in motion, and 
the spindle to be turning by means of the strap and grooved 
wheel, P. The centrifugal force , ( which is the name ap- 
plied in Mechanics to that influence which gives a body re- 
volving in a circle a tendency to fly off from the centre,) will 
cause the balls BB to fly off from the spindle round which 
they revolve- The more rapid the rotation, the farther will 
the balls fly out ; the slower the motion, the nearer they 
will fall towards the spindle. Now observe the consequence* 
First, suppose a sudden diminution of the had of the 
engine* that is, of the machinery, &c, it has to move* 
Immediately its motion will be more rapid ; but this in- 
creased rapidity will at once cause the governor balls to 
fly out. This will draw the sliding collar E, and the fork 
of the lever G attached to it, upwards on the spindle R ; 
the other end, M, of the lever will fall ; this will draw 
down the lever, K \ the throttle- valve, T, will assume a 
more vertical position, and diminish the supply of steam, 
in consequence of which the engine will resume its usual 
Fpeed, though its load be reduced* 

iVn increase of the load driven by the engine would 

Q 
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produce a contrary effect upon the governor ; the engine 
would, for the moment, go slower; the governor balls 
would fall ; the collar, E, would be lowered ; M would 
rise, and lift the lever, K ; the throttle-valve would ap- 
proach nearer to the horizontal position, and more steam 
would be admitted to the engine, which would at once 
raise its speed to the ordinary rate. 

Such is the Governor : in different engines its parts may 
be differently arranged, but the mode of its action is the 
same in all. No man, I should suppose, can be so devoid 
of mechanical taste as to fail to admire this simple and 
ingenious piece of mechanism. Were this the only inven- 
tion on which his fame is based, we might well respect the 
talent and power of contrivance displayed by James Watt 
But we shall soon see that this is but one, and hardly the 
greatest or most beautiful, addition which he made to the 
mechanism of the steam-engine. 

I have now described the several parts of the simplest 
form of steam-engine, and the one to which we are most 
accustomed in agricultural districts, in the railway locomo- 
tives, and the engine which works our threshing machines. 

The general arrangement of the working machinery of 
a locomotive engine is given in fig. 19. 

B is the boiler, at one end of which is the JSre-hox, F, 
containing the furnace; at the other the smoie-fas, K. 
The healed gases from the furnace pass through the 
tabes, T, already described, and issue in the smoke-box, 
from which they pass up the/anmc^ or chimney, X, and 
make their escape into the air. The part of the boiler 
above the fire-box F b elevated in the form of a dome, 
and called the ttcmm-dowte, and at the top of this is the 
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safety- valve, W, upon which the required pressure is obtain- 
ed by means of a spiral spring, Y» The object of thb dome 
is to allow of the steam being drawn off, ( by the passage 
A, leading to the steam-pipe, S, ) for the supply of the 
cylinder, free from the admixture of water which would be 
occasioned by the spray arising from the rapid boiling of 
the water in the boiler, if the mouth of the passage. A, 
were not placed at some distance above its surface. Com* 
rnunication between the passage, A, and the steam-pipe, 
S, is opened or closed at pleasure, by means of the steam* 
cock t M, which is governed by the handle, H. The steam 
when turned on, passes along the pipe, S, into the steam- 
chest, G ; and thence, according to the position of the 
slide, into the cylinder, C, where it produces an alternate 
backwards and forwards motion of the piston , P ; the waste 
steam which has been employed in the cylinder being 
carried off by the blast pipe, N, whence it issues with 
great violence into the chimney, producing a strong draught, 
by which the energy of the furnace is kept up. The alter- 
nate motion of the piston, P, acts by means of the piston- 
rod, R, and the connecting-rod, E, upon the crank, O, 
formed upon the axle of the driving-wheels , one of which 
is represented in the diagram. The wheels are thus made 
to turn, and at each revolution they impel the engine along 
the rails, for a distance equal to their own circumference. 
Upon the axle of the driving-wheels is fixed the eccentric, 
which, by means of a lever, governs the slide* 

The locomotive is invariably made as a double engine, 
that is to say, there are two cylinders, slides, connecting- 
rods, cranks, and eccentrics. And for this reason: the 
engine might stop in such a position that the crank and 
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conaecting-rod would be in one straight line — in such a 
case, as I explained before, the engine would be at a 
sticking-point, and turning on the steam would produce 
no other effect except a strain on the machinery. To 
obviate this, two cranks are formed upon the main axle, at 
right angles to one another, and each acted upon by 
different machinery. Consequently, while one is at its 
sticking-point, the other is in the position most favourable 
for motion ; and thus, at whatever position the engine may 
stop, the turning-on of the steam will at once set it in 
motion. 

The general arrangements of the threshing-engine are very 
similar to those of the locomotive. The machinery works 
horizontally, but it is placed above, instead of below, the 
boiler. In one that I have particularly examined— Slade's of 
Staplegrove — the cylinder and slide-valve are placed within 
what answers to the steam-dome ; in which arrangement there 
is this advantage, that the cylinder, etc., become heated to the 
same temperature as the steam, consequently there is no 
loss by condensation, as is common in other engines, and 
and as will be seen in this little model*, which 1 shall set 
in motion. 

I observed that the engine of our railroads was by no 
means the most perfect form of steam-engine we possess ; 
and for this reason : that it does not call into play that most 
important property of steam— its capability of condensation, 
or being re-converted into water. Referring again to figs. 
10 and 11, you will remember that I explained that the 
steam which forced the piston upwards in the cylinder, is, 

* A small working model, exhibited at the lecture, and employed to set in 
notion the working section referred to below. 
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upon the admission of steam at the other side of the 
piston, allowed to escape into the air ; that is, there is an 
open communication between the lower part of the interior 
of the cylinder, and the external air* Hence there is a 
resistance equal at least to the pressure of the atmosphere 
retarding the motion of the piston, and the force that moves 
tUe pUtou is the excess of the pressure of the steam above 
tke press u re of the atmosphere. Let it be here understood 
that, when we speak of steam having a certain pressure, we 
mean that it exceeds, by that pressure, the pressure of the 
atmosphere, Thus :— When a safety-valve, whose surface 
is one square inch, loaded with a weight often pounds, is 
lifted by the force of the steam in a boiler, the real pres- 
sure of that steam, acting upon that safety-valve, is 25 lbs,, 
for it raises not only the 10 lbs., due to the load on the 
safety-valve, but also 15 lbs., due to the weight of the 
atmosphere ; but since, in the engines 1 have described, 
the steam has always to act against the pressure of the 
atmosphere, the available force only must be taken into 

^deration, and this would be a pressure of 101b*. on 
the square inch, which is due to the compression exercised 
by the 10 lbs., with which the safety-valve is loaded* 
Such a pressure as this would be wholly insufficient for 

moving of a locomotive engine with a heavy train 
attached ; therefore, to gain the necessary power, steam of 
a much higher pressure is employed; and from this such 
engines take the name of high pressure engines* This term 

■mtjwhat inaccurate, and is going very nmeh out of fflM, 
lor reasons which I will presently show. 

Suppose now that, in a steam cylinder, (see figs, 10 
and 11,) there i* a communication opened above the 
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piston with the boiler, in which steam is produced, under 
a pressure of 10 lbs., on the square inch, and that the 
space below the piston is in communication with the ex- 
ternal air. Consider the farces in operation, (and here we 
will take into account the whole force of the steam.) 
Above the piston there is a pressure of 2£ lbs, on every 
square inch of its surface ; below the piston a resistance of 
15 lbs, on every square inch. The effective pressure upon 
the piston will therefore be 10 lbs. on the square inch. 
Now suppose that » by any means, we can destroy the resis- 
tance below the piston, we shall then at once raise the 
effective pressure to 25 lbs*, instead of 10 lbs,, on every 
square inch of the surface of the piston. And this resis- 
tance will be destroyed if we produce a vacuum below the 
piston. Now this vacuum can be produced, as I showed 
you in the second experiment with the Florence flask, by 
condensation* If, then, instead of allowing the waste steam 
which has just been employed in moving the piston, to es- 
cape into the air, we condense it, either in the cylinder, or 
in a vessel in communication with it, we shall at once gain 
an immense increase of power : consequently steam of a 
much lower pressure will be sufficient, if we use condensa- 
tion, to produce the same result that steam of a higher 
pressure produced, when allowed, after working the piston, 
to escape, un condensed, into the air* For instance : if it be 
required, in a steam-engine, that there should be an effec- 
tive pressure of 20 lbs, on every square inch of the piston ; 
if we do »etf use the condensing principle, we must raise 
steam of that pressure in the boiler. If, however, we 
employ condensation, steam raised under a pressure of 
5 lbs., will be all that is required; in other words, less 
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is necessary, and t lie rcfore izs$ heat to produce it, 
! less fuel ; so that the application of the condensing 
principle is highly economical* besides lessening* to a great 
extent, the risk of explosion in the boiler, so that the 
boiler plates may be of much thinner, and, consequently, 
less expensive, material, 

It may be asked, then : Why is not condensation invari- 
ably applied ? Because it canuot be used without a great 
increase of the size of the engine ; such an increase as would 
be inadmissible In locomotive or portable engines, by which 
term we mean engines that can move themselves, or are 
capable of being moved easily from place to place, as 
railway and threshing engines. 

In stationary engines* however, that is, engines which 

b remain constantly fixed in one position, as those used in 
manufactories, economy of space is no consideration) but 
economy of fuel is of consequence ; therefore, in such en- 
gines, condensation is almost invariably cm ployed. 

The engines employed in the drainage of the mines of 
Cornwall are alt constructed upon this principle, since the 
high price of coals in that district makes economy in their 
use a paramount object. For the same reason, also, every 
improvement in tha steam-engine is eagerly adopted by 
the proprietors, «rho feel that they must employ all that 
art can give them, to make up for what nature denies 
them, viz ; an abundant supply of coals. On the other 
hand, where coals are cheap, inferior engines are used, and 
economy of fuel is but little thought of. This reminds one 
of the old saying of a good soil making a bad farmer, Can 
it hii always said of farmers as of ihe mine-proprkiors i>f 
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Cornwall, that they do their best by art, to make up for 
the deficiencies of nature, or inferior soils ? 

But to return to the subject of condensation. You have 
seen how it was produced in the atmospheric engine, fig. 6, 
by means of a jet of water, inside the cylinder itself. In 
place of this mode, however, which was open to many ob- 
jections, Watt conceived the plan of separate condensation, 
that is, of condensing the steam, not in the cylinder itself, 
but in a separate vessel in communication with the cylinder. 
This vessel is called the condenser, and is represented at 
L, fig. 18.* The steam, instead of being allowed, after 
having moved the piston, to escape into the air, is led by 
the pipe, g, into the condenser, which is placed in a tank 
of cold water, W* By means of a small pipe, a jet of 
cold water is allowed to play within the condenser. The 
steam from the cylinder, coming in contact with this jet, is 
immediately condensed, and falls, in the form of water, to 
the bottom, together with the cold water from the jet, thus 
producing a vacuum in the condenser, and, consequently, 
in that end of the cylinder which may be in communica- 
tion with it. 

It is clear that there would be an accumulation of water, 
which wonld soon fill the condenser, if means were not em- 
ployed to draw it off. For this purpose a pnmp, A, is placed 
immediately beside the condenser. This is called the air 
pump. This name may appear inappropriate enough, as 
it would seem that it is water rather than air which is 
pumped out by it. It was so called, however, by Watt, for 

* In the Lecture, a working section, from which the accompanying figure 
a, was employed to explain the various parts of the Condensing Engine. 
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this reason* The air, which all water 
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the condenser, w 
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the jet, would vitiate the vacuum in 
there not some means of removing it. This air 
like the steam, be condensed by cold ; it is necessary* 
therefore, to draw it off by means of a pump, which, at 
the same time, serves the purpose of preventing the accu- 
mulation of water in the condenser. 

The principle of this pump is much the same as that of 
the common lif ting-pump. It consists of a cylinder, or 
barrel, having at the bottom a valve opening upwards, and 
near the top a pipe, leading most commonly to a cistern, 
from which the boiler is supplied. In this barrel works a 
piston, having two valves, also opening upwards- The pis* 
ton-rod works through a stuffing-box, similar to that on 
the steam-cylinder. Upon the ascent of the piston a vacuum 
is produced underneath it. This, being more perfect than 
the vacuum in the condenser, the water is forced upwards 
in the air-pump barrel by the slight pressure which acts 
upon it in the condenser. At the next descent the piston 
will plunge into this water, (which is prevented, by a valve, 
from returning to the condenser,) a certain quantity of it 
will pass up through the valves, and will, upon the ascent 
of the piston, be drawn upwards and driven into the cistern. 

Such is a short description of the simple and effective 
apparatus by which Watt brought the principle of conden- 
sation into use in his steam-engine, which is called, in 
consequence, the Condensing Engine, It is alio known 
as the Low Pressure Engine, from the fact of steam of a 
comparatively low pressure being sufficient to work 
The names, High Pressure and Low Pressure* are, how- 
ever, now seldom applied, many Condensing engines, such 
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as those in the Cornish mines, employing steam of as much 
as 20 lbs. pressure. The more correct division is into 
Condensing and Non-condensing engines. 

I have now described the principal parts of Watt's con- 
densing steam-engine. It remains to show in what manner 
these parts are connected with one another. A section 
of such an engine as is employed in the manufactories is 
shown in fig. 18. 

B t is the boiler, ( in this case not tubular, ) round which 
the heated gases from the furnace are allowed to circulate. 
Y is the safety-valve ; S the steam-pipe, leading from the 
boiler to the steam-chest, G, attached to the cylinder, C. 
In this steam-pipe is placed the throttle-valve, T, acted 
upon by the governor, K. In the steam-chest is the slide 
valve, V, admitting and withdrawing steam above and 
below the piston, P. to which is attached the piston-rod, r, 
communicating motion to the extremity of a roching-beam, 
R, which works upon a pivot, U. The method by which 
the piston-rod is connected with the beam deserves especial 
notice. It surpasses even the beautiful mechanism of the 
Governor in its claim to our admiration. But, before we 
can admire it, we must understand it. In the atmospheric 
engine, fig. 6, the connection between the piston-rod and 
beam was effected by means of a chain, which was suffici- 
ent, because it was only during its descent that the piston 
acted, pulling down the end of the beam. For this reason, 
such an engine was called a single-acting engine. When, 
however, Watt had conceived the idea that the force of 
the steam might be employed in the upward, as well as the 
downward, stroke, immediately the chain, as employed in 
the atmospheric engine became insufficient. It became 
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to have some rigid connection, by means of 
which the piston-rod could push the beam upwards as well 
as pull it downwards. But here a difficulty presented itself; 
for, the motion of the end of the beam being in a circular 
arc, round U, the pivot upon which it swings ; and that of 
the head of the piston-rod being up and down in a straight 
line ; a simple junction, by means of a pin, could not be 
employed. 

But the genius of James Watt was equal to the difficulty, 
id which his own invention of a double-acting cylinder 
had placed him. Two or three methods for effecting bis 
object were successively tried, but all gave way before the 
exquisite mechanism of the parallel motion. The principle 
of it may be simply explained. Let A and B, fig, 1 7» be 
two rods of equal length, the first turning upon a pivot at 
tf» the second upon a pivot at 5* Let the points c and d t 
be joined by a rod, whose middle point is at M, Now, 
suppose the rod, A to be raised ; the point, c, will describe 
a circular arc, turning towards the left of the line, EF, 
The point d, at the same time, will move in a circular are 
round i, going towards the right of the line, EF. The 
point M„ then, { the middle point of the rod joining c and 
df ) will be found to pass directly upwards, in the vertical 
line, EF, for the tendency which the motion of the point, 
*?, might have to draw the point, M, to the left t will be 
counterbalanced by the tendency of the point, d f to draw 
it to the right : its motion, therefore, will be in the ver- 
tical line. Similarly, if the point, <?, be moved downwards, 
M will pass down the line, EF. Now, suppose the rod, A 
to represent a portion of the beam of a steam-engine, 
a being the pivot, U, ( fig* 18,) upon which it mvji 
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and suppose the head of the piston-rod to be attached to 
the point, M , and the Tod, B, to be pivotted, at b> to some 
part of the frame work of the engine. It is clear, then, 
that while the piston-rod is moving up and down in a 
vertical straight line, the end of the beam, represented by 
the point, c, will move in a circular arc, and will be capa- 
ble of having this circular motion communicated to it, both 
during the ascent and descent of the piston. Thus the 
desired connection between the piston-rod and beam is 
accomplished. 

In the application of this contrivance to the steam- 
engine the point, c, instead of being at the extremity of the 
beam, is commonly about midway between that and the 
pivot on which the beam works ; and the head of the 
piston-rod of the air-pump, and not that of the great 
cylinder, is fixed at the point, M. A very simple and 
beautiful addition, however, to this mechanism, ensures 
the exact vertical action of the great steam piston-rod. 
Two rods, m and », ( fig. 18, ) are so arranged as to form, 
with the rod, cd> and the part of the beam beyond the 
point, c, a jointed figure, the opposite sides of which are 
parallel. The length of these rods is so adjusted, that the 
points, U, M. 9 N, are in one straight line. In consequence 
of this arrangement, ( for geometrical reasons, into which 
we need not here enter, ) the point, N, will have a motion 
in every respect similar to the motion of the point, M 2 
and, since M moves in a vertical straight line, N will do 
the aame. If, therefore, to N be attached the head of the 
piston-rod of the steam cylinder, C, and to M that of the 
air-pump, A, these will have the necessary vertical motion. 

But to continue the description of fig. 18. The rocking 
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h*am receiving motion from the piston-rod, r r communi- 

tales it ia the rod, a, of the air- pump, A, as well as to the 

*d* 0, which, by means of the crank, D, turns 

; 7~tvheeL Q* A common pump, H, is also worked by 

& rod, attached to the beam at h. The object of this pump, 

from which a pipe is carried into a well beneath, is to keep 

supply of water in the cold cistern, W f in which the 

condenser and air-pump are plunged. On the axle of the 

Ay-wheel is fixed the eccentric^ which, by means of rods 

and levers, E, /,/, as before described, works the slide-valve, 

By the pipe, p, the water and air discharged by the 

r-pump, A, are carried off. 

Such is the Double-acting, Condensing, Sieam-eugine, 
as perfected by James Watt* We have only to compare 
this with the Atmospheric Engine in its original form, 
as described above, to understand how much mankind 
i* indebted to his genius nnd his persevering industry* 
We must not imagine that his genius made the task 
of invention easy. Every discovery he made of the 
properties of steam ; every invention by which he added 
to the perfection of the mechanism of the steam-engine, 
the result of great labour and deep thought ; given, 
j at a time when he was working for his daily bread in 
a small shop in Glasgow. At least, it was there that 
the first steps in his glorious career were taken, and if, 
afterwards, as the manager of a large engine-budding 
ilishment, at Soho, near Birmingham, he had more 
time to devote to the exclusive study of steam, and the 
team-engine, we know that his time was not wasted. Hil 
industry never i< lasted, until* full of years and honour 



too 
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and well-earned wealth, be retired from business, to his 
estate of Heathfield, from which he was carried to his 
grave, leaving a name to be remembered with gratitude, 
not only by bis countrymen, but by the whole human race. 
There is an expression in very common use, with refe- 
rence to the steam-engine, but very little understood; 
upon which a few words are required. People talk of 
an engine, of " 200 horse power, " and are satisfied with 
believing that the engine will do the work of that number 
of horses. The fact is that this is a very uncertain way of 
describing the power of an engine. It was convenient, 
and indeed necessary, at first, when the , steam-engine 
superseded actual horse-power in the drainage of mines. 
Then, the only way to make the manufacturer, or mine 
proprietor, understand the advantages of the new machine, 
was to tell him that it would do the work of a certain 
number of horses, and much more economically. A man 
who employed 150 horses, and who intended to replace 
them by a steam-engine* naturally required an engine of 
150 horse-power. This, however, led to considerable 
confusion, in consequence of the different estimates which 
different engine-makers would take of the power of a horse. 
In order to settle some uniform standard, Watt caused 
experiments to be made on the working powers of the large 
Loudon dray-horses, and the results of these fixed the 
standard which has ever since been retained. It was as- 
sumed that a horse would work eight hours a day, and the 
amount of work it would perform was represented by a cer- 
tain weight raised to a certain height in a certain time, (and 
to such a measure all mechanical effect can be reduced.) 
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From these experiments Watt concluded that 33,000 lbs., 
raised one foot in a minute, was the value of a horse's 
power : and this was the standard adopted, so that an en- 
gine of one horse-power, is one which is capable of raising 
33,000 lbs., or about 14J tons, one foot high in a minute. 
Nov, the source of all this power is not in what we com- 
monly call the engine — that is, the working machinery, 
but in the boiler. The amount of evaporation which is 
usually taken as representing one horse-power, is one cubic 
foot of water per hour. For example : — an engine of 7 
horse-power is one, in which the boiler is capable of 
evaporating 7 cubic feet of water per hour, and in which 
the dimensions of the cylinder are in such proportion as 
exactly to employ the amount of steam thus produced. 
Again, the evaporating power of the boiler depends upon 
the amount of heating surface exposed to the action of the 
furnace. Consequently the first thing in building an 
engine, is to know the horse-power required, and according 
to that the relative dimensions of the boiler and furnace 
must be adjusted. 

This method, however, of estimating the power of 
engines is unscientific and inaccurate, as it is clear that 
the evaporation may vary from time to time, in one and 
the same boiler, according to the intensity or dulness of 
the furnace. This mode of estimating power is going a 
good deal out of use, and is never employed in reference 
to locomotive engines. 

I have said nothing yet of one most important class of 
steam-engines— the Marine engines, by which steam-vessels 
are propelled. It is unnecessary here to enter into any 
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detailed description of them, as they differ in no essential 
point from the engines of our manufactories, which I have 
already described. The necessities of thiir position require 
a different arrangement of the several parts of their 
mechanism, as it is of importance to the stability of the 
ship, that all the heavy machinery should lie as low as 
possible below the water line ; not to mention the risk 
which the engine would run, in ships of war, if any part 
were exposed to the fire of the enemy. They are all, 
however, Double acting, Condensing, Low-pressure En- 
gines, employing steam of a pressure of 4 or 5 lbs. on the 
square inch. 

My object in this lecture has been, as I mentioned at 
the outset, to explain simply what steam is, and how its 
peculiar properties are brought into practical use in the 
Steam-engine. How far I have succeeded in this, you are 
the best judges. I shall be glad if I have, in any degree, 
increased your interest and knowledge on a subject which 
must, sooner or later, attract your attention more than it 
does now. You see what steam is — how powerful, how 
manageable ; you know what steam can do. There is an 
invention termed the steam-hammer. It can weld and 
fashion enormous bars of iron by blows of many tons' 
weight, or it can crack a hazel nut without injuring the 
kernel. Whatever it does, it does well, it does quickly — 
above all, it does cheaply. The value of its assistance in 
threshing out our corn is universally admitted. Why does 
it not plough our fields ? It can do so, as has been proved. 
Why does it not water our fields ? A little ingenuity and 
enterprise would make k do so, in many places ; and we 



1 a mcn-a. sight in Eiirkuc — i farmer who did 

i of vm cff tezl iar his turnips. But I bad 

leave paerieaJ matters tr practical men. Still 

is one thought tLtt the great extension of the use 
of steam ioroes rpar. ns. Ir employing steam-power, 
are •npersed*'.. no: only the labour of horse*, but that of 

is the pardci.lp.T work which steam takes off their 
We know that tiey are not losers by this, but the 
reverse- The grafLAl fx*ens5:ci of «%ram p:»wer produce* 
this change. It is e:»nstardy relieving man from work 
which requires merely the exerrios of the lowest faculties 
of hi* nature. Lis a^izaa! strength, and setting him to tasks 
which require more aad more of skill and mind. It tends 
to raise mas more and more to a higher position, to the 
dominion over nature which hi? Creator gave him. Man, 
considered as an aniataL is but weak : considered as an in- 
tellectual being, who shall define the limits of his power, 
in such things as are within his reach ! But if steam 
relieves man of the labour which his animal strength per- 
formed, and if we set him to a task that demands intellect 
and skill, must we not take care that his intellect be equal 
to the task ? As we raise the character of his work, must 
we not raise the character of his mind ? And here we 
cross the path of a great subject, of most vital national 
importance — the subject of education. One thing we 
most remember — if one class progresses, others must pro- 
gress too, or society will be wrong way up. If the 
labourer goes on, the farmer must not stop — and so on. 
The members of this Association do well by showing that 
standing still is far from their intention. Their proposed 
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Institution shows it ; these lectures, and the full benches 
before me, amply show it ; — and if my humble efforts this 
evening have done anything towards forwarding the on- 
ward movement, they have had the effect I desired, and 
they have given me an opportunity of receiving from you 
the kindness of a most encouraging attention, for which I 
beg to tender you my betf thanks. 
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